Polycyclic aromatic hydrocarbons (PAH) are present in asphalt structure, which also contains toxic elements such as benzene, toluene, nitric and carbonic acid, benz(a)pyrene, formaldehyde, carbon monoxide, nitrogen dioxide, sulphur dioxide and hydrogen sulphide. The ubiquitousness of asphalt in daily life results in an unavoidable health disturbance to public health.[@b1-asm-3-203]--[@b4-asm-3-203] Fumes and vapors, which directly affect the respiratory system, arise when asphalt is processed or used.[@b5-asm-3-203]--[@b8-asm-3-203] The kind of asphalt, its temperature and environmental factors affect the fume and vapor density If protective precautions are not followed, harmful effects will be seen.[@b9-asm-3-203] The duration of exposure and intensity of asphalt fumes and vapors affect metabolic oxidation, alveolar macrophage functions and cellular toxicity levels. It is reported that when exposure to asphalt fume is over 200mg/mL, toxic effects are seen on the respiratory system.[@b10-asm-3-203] A tolerable inspired air particle concentration is between 0.6--1.4 mg/m3, but it is reported that some factors such as ozone, temperature, cigarette smoking and intensity of work further lower the tolerance level.[@b3-asm-3-203] Inhaling 0.1--0.5 mg/m3 of contaminated air during 3 consecutive days results in death. Asphalt can cause some disorders such as acute myocardial infarction, pulmonary fibrosis, leukemia and it may have genotoxic activity.[@b11-asm-3-203]--[@b14-asm-3-203] Components of asphalt fume and vapor affect not only vital functions such as the respiratory system, but it also has hematopoietic activity. Changes in the partial pressure of blood gases results in activation of compensatory mechanisms to restore the acid-base balance.[@b15-asm-3-203] Competition of asphalt gases with O2 directly affects blood PO2 levels (Haldane and Bohr Effects). Asphalt fumes and vapors affect the respiratory and metabolic compensation mechanisms that control blood pH.[@b16-asm-3-203]--[@b20-asm-3-203]

In this study, we aimed to investigate the effects of PAH, organic solvents and other toxic elements that are aromatic products of asphalt fumes and vapors on the blood gases of asphalt workers, who were affected acutely, and office workers, who were affected chronically.

Subjects and Methods
====================

This study was performed between 9.00 and 11.00 hours in August and September, when asphalt paving was intensive. Sixty-eight male volunteers who worked as asphalt or office workers were enrolled. The volunteers (n=38) were 41.2±3.6 years of age (mean±SD), with a mean height of 171.0±5 cm, a mean weight of 79.3±10 kg, and had been working for 17±6 years as asphalt workers. The office workers (n=30) were all male and were 39.7±4 years old, with a mean height of 170.0±10 cm, a mean weight of 75.2±7.7 kg and had been working for 14±5 years as office workers.

After an anamnesis, volunteers with suspicious subclinical and clinical symptoms were not enrolled in the study. Five mL of arterial blood was taken from the radial artery. Blood samples were transferred to the blood gases laboratory within 10 minutes. The samples were analyzed for blood partial oxygen pressure (PO2), partial carbon dioxide pressure (PCO2), oxygen saturation percentage, hydrogen concentration (pH), bicarbonate concentration (HCO3) and base excess with a CIBA-Corning 238-pH/Blood Gas Analyzer.

The data were analyzed with the unpaired Student's t-test and the chi-square test. A difference was considered significant if *P*\<0.05.

Results
=======

Based on the anamneses, the incidence of respiratory symptoms was greater in asphalt workers than in office workers ([Table 1](#t1-asm-3-203){ref-type="table"}). The difference between the two groups was statistically significant for PO2, HCO3, percent oxygen saturation and base excess levels (*P*\<0.05). However, differences were not statistically significant for pH, PCO2 or total CO2 (p\>0.05, [Table 2](#t2-asm-3-203){ref-type="table"}). Percent differences in pH and blood gases ranged from 3.2% to 52.4%. The base excess levels of the asphalt workers were higher than the office workers and the PO2, HCO3 and percent oxygen saturation levels of the office workers were higher than the asphalt workers.

Discussion
==========

While the volatile compounds of asphalt decreased the partial oxygen pressures by competing with oxygen, they also caused PO2 levels to decrease by lowering the ventilation air oxygen concentration in the respiration zone. The PO2 levels of the asphalt workers were less than those of the office workers. The O2 saturation levels also declined in the asphalt workers. These results are consistent with reports in the literature, which state that exposure to asphalt reduced the PO2 levels of workers.[@b16-asm-3-203] Blood pH does not change in either asphalt or office workers due to chronic activation of intracellular and extracellular buffer systems.[@b14-asm-3-203]--[@b22-asm-3-203] In the literature, there are only a few studies that have reported that exposure to asphalt did not change pH levels.[@b16-asm-3-203],[@b22-asm-3-203]

While long-term intracellular pH regulation is regulated by ion transportation mechanics, acute regulation is regulated by buffer systems. Therefore, there was no excess deviation in hydrogen ion concentrations. Due to the chronic response of central and peripheral chemoreceptors, the PCO2 levels were similar in both groups. In the literature it is noted that exposure to asphalt fume and vapor does not alter ventilation mechanisms significantly, but it does affect the volume and capacity of respiration in a decreasing direction.[@b5-asm-3-203],[@b14-asm-3-203],[@b20-asm-3-203],[@b22-asm-3-203] This state can be explained by the reduction in contractility of ventilation muscles as a result of the effect of asphalt on Ca+2 metabolism.[@b4-asm-3-203]

Also, during asphalt paving, the temperature of the asphalt is between 100 and 232°C. Increased environmental temperature affects the respiration rate (tachypnea) by by altering ventilation mechanics, and indirectly prevents hypercarbia. The explanation for the difference between asphalt and office workers' blood bicarbonate levels are: a) a decrease in respiration frequency to keep blood pH at a certain level, b) increase in blood hydrogen ion concentration, c) decrease in the amount and activity of carbonic anhydrase, and d) an increase in base losses. These are all factors that cause a decrease in bicarbonate levels, so when workers are exposed to asphalt, to compensate for the acidosis, they use more bicarbonate. By inhalation of asphalt fume and vapor, the acidic component, carbonic acid, makes the blood pH decrease, which results in bicarbonate usage, so a decrease in blood bicarbonate level is the usual response of the body.[@b9-asm-3-203],[@b14-asm-3-203]

Plasma bicarbonate levels are improved by changes in cardiac performance, carbonic anhydrase activity, renal function, and respiratory and non-respiratory components. Plasma bicarbonate levels are largely controlled by kidney. Inhalation of asphalt fume and vapor inhibits the secretion of hydrogen, which decreases the bicarbonate level and causes hyperchloremic metabolic acidosis.[@b15-asm-3-203],[@b19-asm-3-203] However, some authors note that long-term exposure to asphalt results in no significant change in bicarbonate levels.[@b15-asm-3-203] As a result, chronic exposure to asphalt vapor and fumes causes a reduction in PO2, O2 saturation, bicarbonate levels, and negative base excess. We think these changes affect the regulatory mechanism of respiration and maintain the steady state.[@b15-asm-3-203],[@b19-asm-3-203]
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###### 

The incidence of respiratory symptoms in asphalt and office workers.

              Asphalt Worker (n=38)   Office workers (n=30)   X^2^   *P* value          
  ----------- ----------------------- ----------------------- ------ ----------- ------ --------
  Cough       12                      31.6                    7      23.3        0.23   \>0.05
                                                                                        
  Phlegm      12                      31.6                    8      26.7        0.03   \>0.05
                                                                                        
  Asthmatic   13                      34.2                    4      13.3        3.90   \<0.05

###### 

Blood gas levels of asphalt and office workers.

  Parameters     Asphalt workers (n=38) (mean±SD)   Office workers (n=30) (mean±SD)   Difference (%)[\*](#tfn1-asm-3-203){ref-type="table-fn"}   *t*   *P* value
  -------------- ---------------------------------- --------------------------------- ---------------------------------------------------------- ----- -----------
  PO2 (mmHg)     78.0±27.0                          91.5±8.7                          −14.8                                                      2.8   \<0.01
  PCO2 (mmHg)    33.7±4.6                           33.2±3.1                          +1.6                                                       0.5   \>0.05
  SaO2 (%)       89.0±6.1                           97.0±1.1                          −8.3                                                       3.1   \<0.05
  pH             7.4±0.6                            7.4±0.1                           0.0                                                        0.0   \>0.05
  HCO3 (mEq/L)   21.7±1.9                           22.7±1.5                          −4.4                                                       2.4   \<0.05
  BE (mEq/L)     −3.2±2.3                           −2.1±1.9                          +52.4                                                      2.2   \<0.05

The difference between of asphalt and office workers (+ and − represent the percentage increase and decrease, respectively.) SaO2=percent oxygen saturation; BE=base excess.
